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1. INTRODUCTION
Transport is responsible for more than a quarter of EU’s GHG emissions and a major
contributor to climate change (EEA 2020). While other economic sectors have achieved
significant reduction in carbon emissions, the transport sector has not. Thus, posing an
obstacle for the EU’s climate protection goals to cut EU (European Union) Greenhouse gas
(GHG) emissions by 55% by 2030 and make Europe carbon-neutral by 2050 as outlined in
the environmental package Fit-for-55 (EC 2022).
In the last decade air pollution from transport has decreased due to the establishment of fuel
quality standards, the Euro vehicle emission standards, and the use of cleaner technologies.
However, air pollutant concentrations remain high (EEA 2020). Road transport, including cars
vans and trucks, is the biggest emitter, responsible for 70% of all transport related GHGs, and
is the main cause of air and noise pollution in cities affecting human health (EEA 2020).
Alternatively fuelled vehicles (AFVs) receive increasing attention from policy makers and
industry practitioners because they are perceived as a silver bullet for decarbonising freight
transport (Mohammed et al., 2020; ITF 2021). AFVs are “vehicles that run on fuel other than
traditional petroleum-based fuels (petrol or diesel), or any technology powering an engine
which does not solely involve petroleum. These include hydrogen, electric, solar-powered,
ethanol, and biodiesel vehicles” (Mohammed et al., 2020, p.1). The uptake rate of AFVs by
heavy goods vehicle (HGV) freight operators in Europe remains low. With 97.8% of all trucks
in the EU running on diesel, only 0.04% of trucks are zero-emission vehicles (ACEA, 2021).
In Ireland the transport sector is the second biggest contributor to GHG emissions, with 19%
carbon emissions from HGVs. Most HGVs in Ireland are diesel-fuelled, and 45% of the national
HGVs fleet is over 10 years old (DfT 2021). The Climate Act 2021 of the Irish government, in
line with the EU Green Deal, sets a target for the reduction of 42-50% of transport related
emissions by 2030. For the road transport sector, the emphasis is on the alternative and
cleaner energy fuels for all vehicles, intending to phase out the sale of Internal Combustion
Engines (ICE) HGVs no later than 2040 (GOV.IE 2021).
The government’s incentivised decarbonisation direction and the industry’s preferences
diverge. This might hinder the uptake of cleaner vehicles among HGV operators. Current
decarbonisation policies show a trend towards ‘electrification’ for the transport sector in
general, while operators prefer biofuels and hydrogen (CILT Ireland 2022). A missed transition
to alternative fuels faces the risk of ‘locking-in’ a large cohort of HGVs to diesel for the next
decade.
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Research studies have identified enablers and barriers for adopting AFVs. Practical guidance
and tools for decision making from freight transport operators’ perspectives are still limited.
This ongoing research study assesses the maturity of AF (Alternatively Fuelled) HGVs by
exploring the experiences of innovators and early adopters of AF HGVs in Ireland. To achieve
this aim, two research questions are answered: How mature is the adoption of AF HGVs, and
what are the experiences of innovators and early adopters of AF HGVs in Ireland?
2. LITERATURE REVIEW
To develop a framework to examine the experiences of innovators and early adopters of AF
HGVs, determinants for decision making on adopting AFVs were identified from academic
literature. Like Ghadikolaei et al. (2022), we have focused on literature spanning less than 4
years. That is because AFVs are dynamic technologies, whose advantages and disadvantages
evolve due to improvements in their production technologies. The starting point of this review
were the studies of Bae et al. (2022), and Mohammed et al. (2020). Their studies identify
factors influencing alternative fuel adoption decisions in heavy-duty vehicle fleets and barriers
and enablers for the adoption of alternative fuel vehicle fleets, respectively. Both research
studies contain extensive reviews of extant literature up to 2022. Additionally, literature on
Alternative Fuels (AFs), such as Gray et al. (2021), was reviewed as it is highly relevant with
AFVs. The literature search was also expanded to include publications of various relevant
organisations such as IRU (2022), and ITF (2021).
To categorise the determinants, we used the Technological-Organisational-Environmental
(TOE) framework. TOE is commonly used to explain the adoption of new technologies at a firm
level and to evaluate internal and external factors that affect this decision (Tornatzky and
Fleischer 1990, Mohammed et al. 2020). The three contexts included in the TOE framework
influence the adoption of technological innovation by a firm. The technological context refers
to the characteristics and availability of the new technology. The organisational context
considers the structure of the organisation and its resources and intra-firm communications.
Lastly, the environmental context refers to market and industry specific characteristics and
regulations (Kouhizadeh et al. 2021). The developed framework was used as a template of apriori codes for the analysis of the empirical data. (See Table 3).
Furthermore, to assess the maturity of AF HGVs uptake by freight transport operators a
maturity framework is proposed based on the technology adoption lifecycle (Rodger 1995, Bae
et al. 2022) and the capability maturity model (Facchini et al. 2019). The proposed model
consists of 5+1 levels for evaluating the maturity of freight operators in the adoption of AF
HGVs. These maturity levels are defined as follows:
Avoid: is not a static state, it is a continuum, which might result after a failure to progress to
the next stage of technology/innovation adoption.
Level 1 - Aware: The organisation acknowledges AFs and AF HGVs technologies, which may
create a perceived need for adoption AF HGVs.
Level 2 – Accept: The organisation accepts the need to adopt AF HGVs but do not know yet
how to do it or if it is feasible to adopt such AF HGVs.
Level 3 - Adopt: The organisation has adopted a small number of AF HGVs for trial.
Level 4 - Apply: The technology has passed trial stage, and the organisation is scaling up the
adoption of AF HGVs or modifies vehicles to organisation's needs
Level 5 - Assimilate: The organisation has fully integrated AF HGVs within its fleet.
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3. METHODOLOGY
This ongoing research investigates a dynamic and complex phenomenon in-depth and
examines factors affecting the adoption decision of a new technology within a dynamic
environment and the experience of innovators and early adopters. Thus, qualitative research
methods are employed (Golicic and Davis, 2012).
To address the research aim we focus on innovators and early adopters as defined by Rodger
(1995) in the Diffusion of Innovation theory. Participants are recruited online using LinkedIn.
Additionally, purposive sampling and snowball sampling methods are utilised. To ensure
relevance of participants and to enhance the robustness of the research design (Miles and
Huberman, 1994) two selection criteria, dictated by the scope and research aim of this study,
are set. As such all participants need to work within the Irish haulage industry and their
companies must have already adopted AF HGVs or advertise their intension to adopt AF HGVs.
Any participants who respond on the online add but do not fulfil the selection criteria are
excluded. Table 1 presents the participants that have been interviewed so far and the
characteristics of each company. The names of the companies have been replaced with
pseudonyms and interviewees are referred to by job title, to ensure anonymity.
To cover of all relevant topics while also allowing the interviewers to follow emerging threats,
semi-structured interviews are being used. An interview guide was developed and sent to
participants before the interview to ensure their appropriateness in answering the questions
and increase their awareness about the inquired topics (Easterby-Smith et al., 2012). The
interview guide was reviewed by academics relevant to the topic to ensure that questions
were not leading and avoid bias. All interviewees are asked for permission to be recorded to
allow the researchers to analyse them using the original terms given by interviewees, and
further avoid researcher bias (Bryman and Bell, 2011). A total of three interviews have been
conducted to date, with more planned. The interviews have lasted between 40 to 70 minutes.
To support the primary data, the researchers also collect and analyse publicly available
company documents to create the profile of each participating company, and wherever
possible to triangulate facts and arguments.
Following the recommendations of King and Brooks (2016) a-priori codes were developed from
the reviewed literature and the interview guide and emergent codes are developed during the
data analysis. Table 3 depicts the hierarchical order of the codes. The codes with an asterisk
denote the emergent codes. To ensure internal consistency each transcript is coded multiple
times. The same codes are used to analyse publicly available company documents, which are
then used to compare primary data findings.
Industry
Ownership
Year of purchase
of first AF HGV
Role of
Interviewee

Company A
Wholesale and retail
grocery franchise operator
Private

Company B

Company C

Logistics/Transport

Postal Service

Private

State owned

2018

2018

2017

Head of Transport

CNG Commercial
Manager

Sustainable
infrastructure and
facilities Manager

Table 1: Sample characteristics
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4. ANALYSIS AND FINDINGS
4.1 How mature is the adoption of AF HGVs?
The analysis of the data collected so far shows that CNG and Biomethane fuelled HGVs are
the most adopted AF HGV in Ireland. No companies have procured Hydrogen fuelled HGVs,
and only one operator has procured three EV HGVs so far. Table 2 below shows the maturity
of the three AF HGV operators per AF type.
Avoid
Natural Gas
Bio-methane
HVO
Electric

Aware

Accept

Adopt

Apply

Company C
Company C

Company B

Company C*

Company A

Assimilate
Company A
Company B

Company A
Company B

Company A
Company B
Company C
*: avoid unless a customer insists on the use of this type of AF
**: temporarily postponed

Company A* *
Company C
(HGV)

Company C
(PHEV)

Hydrogen

Table 2: Adoption level of AF HGVs by participating companies, source: authors’ own

4.2 What are the experiences of innovators and early adopters of AF HGVs in
Ireland?
To examine the experience of innovators and early adopters of AF HGVs the transcripts of the
interviews were coded against the framework of determinants. Each determinant can act
either as a motivator/facilitator for the adoption of AF HGVs or as a barrier, depending on the
external or internal circumstances of each operator. The determinants that have a positive
influence for the decision to adopt AF HGVs are considered as motivators and are marked +.
Determinants that have a negative influence on the decision to adopt AF HGVs are considered
as barriers and are marked -. Concerning the experience of innovators and early adopters of
AF HGVs, determinants that have positive effect on the operators are considered as
advantages and are marked +. Determinants that have negative effect on operators are
considered as disadvantages and are marked -. Table 3 below summarises the analysis per fuel

type.

5. DISCUSSION AND CONCLUDING REMARKS
Since this in an ongoing research any concluding remarks are limited to the data analysed so
far and do not represent the entire industry. From the analysis so far, it is derived that diesel
will remain predominant fuel in HGVs in Ireland However, freight operators purchase Euro 6
trucks with the intention of selling them in the second-hand market once other types of AF
HGVs become available. Some operators are using HVO to further reduce GHG emissions,
albeit the origin of the fuel is being questioned, particularly since it competes with the food
chain for resources. Geographical idiosyncrasies also appear to influence the AF HGV adoption
decision of operators and their experience. Table 4 presents the most common facilitators and
barriers for the uptake of the AF HGVs and advantages and disadvantages based on the
analysis of the empirical data.
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Table 3: Empirically adapted determinants for adoption of AF HGVs

T

O

Adoption
Facilitators
Lower CO2 emissions.
Lower air pollution.
Availability of AFs.
Availability of AF HGV
for right wheel
driving*)
Potential to
source/produce AF
locally*.
Origin and mix of the
AF*.
Firm characteristics.
Leadership awareness
and motivation for
AFVs and innovation.
Sustainability policies
of
partners/customers*.

Decision
Barriers
(Un)availability of
fuelling/charging
stations*.
Fuel cost.
Capital cost of AF
HGV.
(Un)availability of
AFs.
Functional suitability
(inc. range, payload).
Training for
maintenance and
technical support of
AF HGVs*.
Need for support in
building more
fuelling/charging
infrastructure*.
Need to educate
officials about AFs
(Unfamiliarity of
officials with AFs) *.

Experience
Advantages
Disadvantages
Lower CO2
(Un)availability of
emissions.
fuelling/charging
stations*.
Flexibility of AF
HGVs for different
Capital cost of AF HGV
AFs*.
(for upscaling).
Lower air pollution.

Firm characteristics.

Need for support in
building more
fuelling/charging
infrastructure*.
Need to educate
E
officials about AFs
(Unfamiliarity of
officials with AFs) *.
Dependency on
imported AFs*.
Table 4: Facilitators and Barriers for Adoption Decision and Advantage and Disadvantages of operators
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